Vibrotactile Threshold Estimation in Neurotypical Children by Hoffman, Elizabeth
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Public Access Theses and Dissertations from 
the College of Education and Human Sciences 
Education and Human Sciences, College of 
(CEHS) 
Spring 4-20-2020 
Vibrotactile Threshold Estimation in Neurotypical Children 
Elizabeth Hoffman 
University of Nebraska - Lincoln, echoffman95@gmail.com 
Follow this and additional works at: https://digitalcommons.unl.edu/cehsdiss 
 Part of the Other Education Commons 
Hoffman, Elizabeth, "Vibrotactile Threshold Estimation in Neurotypical Children" (2020). Public Access 
Theses and Dissertations from the College of Education and Human Sciences. 355. 
https://digitalcommons.unl.edu/cehsdiss/355 
This Article is brought to you for free and open access by the Education and Human Sciences, College of (CEHS) at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Public Access Theses and 
Dissertations from the College of Education and Human Sciences by an authorized administrator of 
DigitalCommons@University of Nebraska - Lincoln. 





















Presented to the Faculty of  
 
The Graduate College at the University of Nebraska 
 
In Partial Fulfillment of Requirements 
 
















May, 2020  
 
 
 VIBROTACTILE THRESHOLD ESTIMATION IN NEUROTYPICAL 
CHILDREN  
 
Elizabeth C. Hoffman, M.S. 
    
University of Nebraska, 2020 
 
Advisor: Steven M. Barlow 
 
 Experimental findings are limited concerning the vibrotactile sensitivity of the 
glabrous hand and perioral face in neurotypical children. Additional research examining 
vibrotactile detection thresholds (VDT) in neurotypical children would further 
understanding of tactile perception in children and help create a more robust 
understanding of somatosensory development across the lifespan. This research has 
applications in diagnostics for neurological disorders affecting vibrotactile sensation in 
the hands and face. The proposed study will use an adaptive single interval up-down 
threshold tracking algorithm to measure VDTs at 5, 10, 50, 150, 250, and 300 Hz for the 
glabrous hand and perioral face in a cohort of preadolescent children. This study found 
main effects related to frequency, skin site, age group, and sex. Across age group and sex, 
the left and right oral angles consistently demonstrated higher vibrotactile detection 
thresholds than the left and right index fingers. With increases in frequency, differences 
in mean VDT between the fingers and oral angles decreased. Differences in mean VDT 
between children and adults were most pronounced at frequencies of 50 Hz and below. 
Similarly, at 50 Hz and below, the greatest differences in VDT variability between the 
sexes were observed. This study had illustrated the importance of VIBROS for estimating 
vibrotactile detection thresholds in neurotypical children and adults.  
Key words: communication sciences and disorders, vibrotactile threshold estimation, 
oral angle 
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VDT Estimation in Neurotypical Children  
1. Introduction  
 The aim of this study was to measure vibrotactile detection thresholds (VDT) in 
response to sinusoidal stimulation (5, 10, 50, 150, 250, and 300 Hz) delivered to the 
glabrous hand and lower face of neurotypical preadolescent children [age 10-13 years] 
and compare these data to VDT thresholds obtained from a cohort of neurotypical adults 
[age 19 to 35 years].  
Mechanoreceptors in the Hand and Lower Face 
 Mechanoreceptors are a type of specialized sensory nerve ending that responds 
specifically to mechanical forces which produce strain to the skin and integument of the 
hand and face. The mechanoreceptors present in perioral skin similar to 
mechanoreceptors in the hand with the exception of Pacinian corpuscles. This is due to 
the areas of motor and sensory cortex devoted to these regions and the dense innervation 
of the tissues in both of these regions. Mechanoreceptors can be described by the size of 
their receptive field which refers to the skin area innervated by a single primary afferent 
(Trulsson & Essick, 2004). 
1.1 Mechanoreceptors of the Hand  
 Mechanoreceptors of the hand include myelinated Aβ axons that are relatively 
large in diameter (6-12 µm) and fast-conducting (33-75 m/sec). They possess the ability 
to respond to very slight tissue strain. The glabrous (non-hairy) skin of the hand has four 
types of mechanoreceptors, including Meissner corpuscles, Pacinian corpuscles, Merkel 
neurites, and Ruffini endings. These mechanoreceptors differ primarily on their receptive 
field size and rate of adaptation to supra-threshold simulation. Slowly-Adapting 
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mechanoreceptors produce trains of action potentials which are relatively constant during 
sustained tissue deformation and scaled to the magnitude of the mechanical stimuli (SA I 
and SA II), whereas fast-Adapting mechanoreceptors show bursts of action potentials 
which occur during changes in tissue deformation but adapt quickly to sustained 
deformation or skin stretch (FA I and FA II). SA I and FA I mechanoreceptors have well-
defined, small receptive fields (2-8 millimeter diameter). These receptors are found in 
great numbers in the fingertips, and encode detailed information about the texture and 
shape of manipulated surfaces. In contrast, SA II and FA II mechanoreceptors have 
poorly defined, large receptive fields (these receptive fields can be as large as the palm). 
FA II and SA II mechanoreceptors are fewer in number than the type I mechanoreceptors. 
SA II mechanoreceptors respond to lateral skin stretch. FA II mechanoreceptors respond 
to oscillatory stimuli at high frequencies (Trulsson & Essick, 2004). 
 The manner in which mechanoreceptors gather information depends on how they 
terminate in the skin. SA I terminate in Merkel cells, SA II terminate in Ruffini endings, 
FA I terminate in Meissner corpuscles, and FA II terminate in Pacinian corpuscles. 
Merkel cells are found in epidermal ridges. Ruffini endings have spindle-shaped capsules 
and are found in the dermis of the hand and perioral face. Meissner corpuscles have 
several laminations and are found in the papillary ridges. Pacinian corpuscles are 
composed of a nerve fiber terminal and Schwann’s cell lamellae. They are found in 
subcutaneous tissue and in deep layers within the skin of the hand, but are virtually 
absent in the lower face. Another kind of mechanoreceptor, the hair follicle receptor, is 
found in the hairy skin of the leg, hand, and arm. The cells respond to movement of hair 
and adapt quickly (Trulsson & Essick, 2004). 
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C-fiber mechanoreceptors have been found in the hairy skin of the leg, arm, and face 
(Trulsson & Essick, 2004). 
  The afferent fibers associated with these mechanoreceptors are small in diameter 
(0.2-1.5 µm), low-threshold, unmyelinated, and conduct action potentials slowly (0.5-2.0 
pot). C-fiber mechanoreceptors respond well to low-force stimuli and are commonly 
associated with nociceptors of the spinothalamic tract and thermal sense as well.  
1.2 Mechanoreceptors of Orofacial Structures  
 Nerve endings located in the skin of the oral mucosa and face include Ruffini 
endings, Meissner corpuscles, free nerve endings, and Merkel cells (Barlow, 1987, 1998; 
Nordin and Hagbarth, 1989; Munger and Halata, 1983; Nordin and Thomander, 1989). 
The hairy skin of the face contains hair follicle receptors. Pacinian corpuscles are absent 
in the orofacial structures, except for the ventral tongue surface (Munger and Halata, 
1983; Barlow, 1987). The majority of mechanoreceptors in the perioral-facial region are 
dominated by SA units in the vermilion, buccal mucosa, oral angle, and face. These 
mechanoreceptors have receptive fields that are well defined and small. Fast-Adapting 
mechanoreceptors are found in the tongue and have defined, small receptive fields. In 
general, the face and mouth are highly sensitive due to dense innervation in those regions. 
The sensory characteristics of the tongue are similar to the tips of the fingers, and the 
sensory characteristics of the face are similar to the non-glabrous skin of the hand. The 
tongue, fingertips, and lips possess acute sensitivity to tactile inputs (Trulsson & Essick, 
2004). 
1.3 Similarities Between the Mechanoreceptors of the Hand and Orofacial Structures 
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 Some similarities exist between the mechanoreceptors present in the hand and the 
orofacial structures. Both the hand and the orofacial structures have hair follicle receptors 
and SA I, SA II, and FA I mechanoreceptors. SA I mechanoreceptors in the orofacial 
structures manifest irregular discharge during sustained tissue strain and share 
physiological properties with SA I mechanoreceptors in the hand. SA II 
mechanoreceptors in the hand and face show a regular action potential discharge rate to 
skin deformation or stretch.  The FA I mechanoreceptors are found in the glabrous hand 
and perioral face.   There are no correlates to FA II mechanoreceptors (Pacinian 
corpuscles) in the orofacial structures, rendering the face relatively insensitive to 
vibrations of higher frequency (Barlow, 1987; Munger and Halata, 1983; Trulsson & 
Essick, 2004).  
VDT Evaluation in Neurotypical Adults 
1.4 VDTs of the Hand 
 An extensive literature is available on the measurement of VDTs in the hands of 
healthy adults. One such study, conducted by Seah and Griffin (2008), examined VDTs 
present in the middle finger (D3) on the non-dominant hand. The experimental cohort 
included 80 subjects: 40 individuals age 20-30 years (20 females, 20 males) and 40 
individuals age 55-65 years (20 females, 20 males). To determine the VDTs at two 
frequencies (31.5 and 125 Hz), researchers used an HVLab tactile vibrometer (Seah & 
Griffin, 2008). The method employed to determine the VDTs was a von Békésy method 
compliant with ISO 13091-1 (International Organization for Standardization, 2001). 
Participants pressed and held a button upon perception of vibration. When participants no 
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longer felt the vibration, they were instructed to stop pressing the button. This study 
found no significant main effects for sex or age (Seah & Griffin, 2008).  
 Another study conducted Forta, Griffin, and Morioka (2012) examined VDTs on 
the right volar forearm and the right hand (at the thenar eminence) in twelve male 
research participants between the ages of 19-28 years. The study also conducted VDT 
testing using an HVLab Vibrotactile Perception Meter (VPM). Two circular contactors, 
one 10 millimeters (mm) in diameter and the other 1 mm in diameter, were employed in 
the study. The gap between the surround and the contactor in the 10 mm diameter 
contactor was 2 mm. The gap between the surround and the contactor in the 1 mm 
contactor was 1 mm. During the experimental procedure, both the difference and absolute 
thresholds were examined for both the right volar forearm and the right hand. During the 
testing to determine the two types of thresholds, research participants were instructed to 
press the surround with a force of 2 Newtons (N). The frequencies presented were 10 and 
125 Hz. Participant force output was displayed visually on the VPM controller. A masker 
(white noise, 65 dBA) presented through headphones was used to eliminate auditory cues 
(Forta, et al., 2012). 
 The experiment was carried out over four separate study sessions. Absolute 
thresholds were measured for the volar forearm and hand at both 10 and 125 Hertz (Hz). 
Difference thresholds were measured for both frequencies at one sensation level in the 
forearm and two sensation levels in the hand (Forta et al., 2012). The method used to find 
the difference and absolute thresholds was an up-down-transformed-response (UDTR) 
method (Wetherill & Levitt, 1965). In this procedure, the magnitude of the stimuli 
depended on a three-down-one-up rule: if the participant responded incorrectly to a 
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stimulus, the level was increased by one step, and if the participant responded correctly 
three times in a row, the stimulus level was decreased by one level. In the experimental 
procedure to find absolute thresholds, two one-second intervals (each separated by a one 
second pause) were presented. One of the one-second intervals contained a stimulus, and 
the research participant was instructed to select the interval with the stimulus. The 
stimulus magnitude was adjusted in accordance with the aforementioned three-down-one-
up rule (the size of the step was 1 dB). As for the difference threshold testing, the 
procedure also included a two-interval-forced-choice technique like that used in absolute 
threshold testing. However, for the difference threshold testing, one interval had the test 
stimulus and one contained a reference stimulus. The research participant was asked to 
identify which interval had a stronger stimulus. The stimulus magnitude was adjusted 
using a three-down-one-up rule. The only difference from the absolute threshold testing 
was that the step size was 0.33 dB instead of 1 dB (Forta et al., 2012).  
 This research study found that absolute thresholds were significantly lower for the 
10 mm diameter contactor for both locations and frequencies. This finding provides 
probable evidence of spatial summation, due to the larger contactor size activating more 
mechanoreceptors. Therefore, it is easier to perceive the stimulus, resulting in a lower 
threshold. The volar forearm exhibited higher thresholds at both frequencies than the 
hand. As for difference thresholds, there were lower difference thresholds for the 
Pacinian nerve endings (P channel) than the Meissner nerve endings (NPI channel). This 
difference, however, did not reach a level of significance. As for the frequency of 
vibration, at the thenar eminence of the hand, the difference thresholds were significantly 
greater at 10 Hz than 125 Hz at both contactor sizes (except for the 10 mm contactor at a 
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level of 10 dB SL). Contrastingly, at the forearm, there was no frequency effect at either 
contactor size. The size of the contactor itself had an impact on difference thresholds 
detected. At the thenar eminence, the 125 Hz difference thresholds were lower at the 1 
mm contactor. At 10 Hz, the difference thresholds were lower at the other contactor (10 
mm). Both the 10 and 125 Hz frequencies were presented at 10 dB SL. There was no 
effect of contactor size on the forearm. For the magnitude of vibration, the only effect on 
difference thresholds was at 125 Hz with the 10 mm contactor (when the magnitude was 
increased from 10 to 15 dB SL). When comparing the effects of contact location, at each 
contactor size and frequency, relative difference thresholds did not differ between the 
forearm and thenar eminence (Forta et al., 2012). A similar study conducted by Morioka, 
Whitehouse, and Griffin (2008), compared VDTs in the volar forearm and hand 
(specifically the index finger, D2). This study tested six frequencies between 8 and 250 
Hz. This study similarly found higher thresholds on the forearm than the hand (Morioka 
et al., 2008). This is likely due to a higher concentration of mechanoreceptors present in 
the hand compared to the volar forearm.  
 Yet another variable that has been explored related to vibrotactile perception in 
the hands is dermal thickness. Lundström, Dahlqvist, Hagberg, and Nilsson (2018) 
studied the VDTs in the right D2 fingertips of 148 male research participants. Of these 
participants, 116 were manual laborers and 32 were not (Lundström et al., 2018). This 
experiment used a von Békésy method according to ISO 13091-1 (International 
Organization for Standardization, 2001). This study tested participants’ VDTs at the 
following frequencies: 500, 250, 125, 63, 32, 16, and 8 Hz. During the experimental 
sessions, participants were instructed to press a button when they felt a vibration, and 
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release they button when they no longer felt the vibration. In addition to the plotting of 
vibrograms to display the VDTs across the frequencies tested, researchers also measured 
the dermal thickness in the fingertip using an ultrasonic scanner. This study found no 
significant correlation between dermal thickness and VDTs (Lundström et al, 2018).  
1.5 VDTs of Orofacial Structures  
 A study conducted by Andreatta and Davidow (2006) examined VDTs in 
orofacial structures of 11 healthy young adults (age 20-29 years). The vibrotactile 
stimulus was delivered via a mechanical stimulus generator. The experimental apparatus 
included a Minishaker, a 17-mm surround, and a 0.5 cm2 area stimulus probe. The gap 
between the surround and the probe was 1 mm. The orofacial structures tested included 
three areas on the lower and upper lip vermilion. Four frequencies were tested at each of 
the areas: 150, 50, 10, and 5 Hz. During the experimental task, participants were 
instructed to press a switch when they felt a vibration on the specified area (Andreatta & 
Davidow, 2006). The method used to determine threshold values was an adapted staircase 
tracking method (Hollins, Delemos & Goble, 1991). During the testing session, a masker 
was presented via circumaural headphones to eliminate auditory cues. When vibration 
stimuli were presented, the first presentation was supramaximal. After this initial 
presentation, the signal was decreased by 6 dB until a negative response occurred. After 
this response, the stimulus provided was increased in 6 dB steps until another positive 
response was achieved. This procedure continued until half of the vibration signals were 
detected and varied back and forth by approximately 1 dB in amplitude for greater than 
five trials in a row.  This study found significant main effects for test frequency and 
stimulation site, without an interaction effect between the two. Researchers found that 
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vermilion in the upper and lower lips were at the same level of sensitivity. They found 
that midsagittal sites were more sensitive than lateral sites, and there were no significant 
differences in laterality for sensitivity. VDTs differed significantly based on frequency. 
The best test frequency for all test sites was 50 Hz for achieving thresholds (Andreatta & 
Davidow, 2006). 
1.6 A Comparison of VDTs of the Hand and Orofacial Structures 
 Various studies have compared VDTs between orofacial structures and the hand. 
Barlow (1987) conducted one such study. This study included 12 neurotypical research 
participants with an average age of 19.25 years. There were equal numbers of males and 
females included in the study. A mechanical stimulus generator (B&K Minishaker model 
4810) was programmed to produce sinusoidal mechanical stimuli (1-second on, 1 sec 
off). The experimental setup included an annular surround and a contactor probe with a 
surface area of 0.5 cm2. The distance between the surround and the contactor was 1 mm. 
Five areas on the face were tested: the chin, the lower lip, the vermilion, the oral angle, 
and the cheek. On the hand, glabrous skin on the right D2 was tested. The frequencies 
tested were 600, 400, 300, 250, 150, 50, 10, and 5 Hz. During the experimental task, 
participants pressed a button upon feeling a vibration on the structure being tested. An 
ascending method of limits was used to determine VDTs. During the testing session, 
noise from the stimulus generator was masked with narrow-band noise corresponding to 
the frequency being tested. The masker was presented through circumaural earphones. 
This study found that in the D2, VDTs were frequency-dependent and followed the 
classical U-function likely due to the presence of PC mechanoreceptors (Barlow, 1987). 
The PC dip occurred at 250 and 300 Hz and is consistent with previous work (Verrillo, 
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1966). The facial skin sites lacked the classic U-function with significantly elevated and 
flattened thresholds from 150 to 600 Hz. This study found main effects for stimulus 
frequency, test site, and the interaction between them. This study also found the greatest 
sensitivity in the finger, followed by the vermilion, and lastly the nonglabrous facial 
structures (Barlow, 1987). 
 A study by Venkatesan, Barlow, and Kieweg (2015) addressed VDTs in the face 
and hand of neurotypical adults. The study included 18 young adults (9F) and 18 (9F) 
older adults. Out of the young adults, 9 were female (average age was 23.11 years) and 9 
were male (average age was 24.44 years). For the older adults, there were likewise 9 
females (average age was 63.67 years) and 9 males (average age was 64.78 years). The 
experimental setup included a B&K 4810 Minishaker, an annular surround, and a 
contactor probe with an area of 0.5 cm2 with a 1 mm gap. Test frequencies included 300, 
250, 150, 50, 10, and 5 Hz. An auditory masker was presented via headphones with 
narrow band noise and a pure tone centered at each of the aforementioned test 
frequencies to eliminate auditory cues (Venkatesan et al., 2015). The method used to 
determine the thresholds was a single-interval up/down (SIUD) adaptive procedure 
(Lecluyse & Meddis, 2009; Barlow & Custead, 2019). During the experiment, 
participants pressed a button as soon as they felt a vibration on the specified area. The 
skin sites tested included the right lower lip vermilion, right non-glabrous oral angle, and 
glabrous right D2 (see Figures 1, 2). This study found that vibrotactile detection 
thresholds were significantly dependent on stimulus frequency, skin site, and sex. The 
most sensitive site tested was the glabrous finger, which manifest the classic U-function 
with a decreased threshold at 250 Hz. The older cohort demonstrated diminished 
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sensitivity to vibrotactile stimulation in D2 between 5 and 300 Hz. Researchers proposed 
that the relation between stimulation site, frequency, and vibrotactile sensitivity was the 
result of the various types and numbers of mechanoreceptors in the hand and face. When 
comparing younger and older participants, only the fingers showed differences in 
vibrotactile sensitivity as a function of age. Researchers posited that this could result 
from different decreases in density of mechanoreceptors between the two structures. 
Also, since the hands are used often to manipulate objects, they may have sustained more 
work-related damage to mechanoreceptors and the surrounding integument (Venkatesan 
et al., 2015). 
VDTs and Vibration Exposure 
 Several studies have examined the effects of vibration exposure on VDTs in the 
hand. Mahbub et al. (2011) conducted one such study in the glabrous and non-glabrous 
skin of the fingers of 8 healthy, neurotypical males (mean age was 24 years). During the 
study sessions, first a baseline vibrotactile measurement was taken for both the hairy and 
glabrous skin of the fingers. Then, subjects were exposed to vibration by holding a handle 
that vibrated for 5 minutes at a time. Participants were instructed to hold the handle at a 
force of 20 N (using a visual feedback indicator). Three vibration conditions were 
studied: no vibration, 31.5 Hz, and 250 Hz. Following vibration exposures, VDTs were 
assessed once again at each skin site. The experiment was conducted over 3 separate 
sessions, with spacing anywhere from 1 to 3 weeks apart. The study found that in the 
glabrous skin, increases in VDTs were measured after exposure to 250 and 31.5 Hz 
vibration, whereas elevated VDTs were found after exposure to sustained 250 Hz 
vibrations (Mahbub et al., 2011).  
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 Another study conducted by Burström, Lundström, Hagberg, and Nilsson (2009) 
similarly examined VDTs both before and after hand vibration exposure. This study 
included 10 healthy adults (5 female and 5 male) between the ages of 21 and 25 
(Burström et al., 2009). During the experimental session, baseline VDTs were measured 
at 125 and 31.5 Hz on D2 using a von Békésy method in compliance with ISO 13091-1 
(International Organization for Standardization, 2001). During the experimental session, 
participants were told to press a button as soon as they felt a vibration, and stop pressing 
the button when they could no longer feel the vibration. Following the VDT 
measurements, participants were exposed to 125 and 31.5 Hz vibration delivered to the 
hand via a wooden platform and a vibrator. The vibration was delivered to the ring finger 
(D4), D3, and D2 via the platform. While the participants were exposed to the hand 
vibration, they applied 5 N of force down onto the platform. Following vibration 
exposure, VDTs were again measured at D2. This study found that exposure to vibration 
had a significant effect on measured VDTs 30 seconds following the vibration. This 
effect was dependent upon frequency, but not upon gender (Burström et al., 2009).  
 A study by Kowalski and Zając (2012) examined the effects of both vibration of 
the hand and arm as well as vibration of the whole body on VDTs in the right index 
finger. Participants included 10 healthy adult males age 25-50 years. During testing, 
participants were exposed to both vertical whole-body vibration and hand-arm vibration 
using test stands. The stimulation frequencies included 125, 100, 31.5, 20, and 4 Hz. 
VDTs were measured before vibration exposure, after exposure to hand-arm vibration, 
whole-body vibration, and both types of vibration administered at the same time 
(Kowalski & Zając, 2012). The VDTs were computed according to ISO 13091-1 
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(International Organization for Standardization, 2001). This study found that there were 
differences measured in VDTs following vibration exposure at all frequencies in all 
participants. Following whole-body vibration, there was an increase in measured VDTs, 
although some participants showed a decrease at 4 Hz. Similarly, participants showed an 
increase in VDTs after hand-arm vibration. Decreased VDTs were only observed at 125, 
32, and 4 Hz. In this study, differences in VDTs were greatest after exposure to whole-
body and hand-arm vibration at the same time. The increase in VDTs following exposure 
to both types of vibration was greater than that following either type of vibration 
separately for all frequencies (Kowalski & Zając, 2012).  
Changes in Finger Blood Flow Following Vibration Exposure 
 Ye and Griffin (2011) examined whether or not there is an association between 
VDTs in the Pacinian channel and decreases in finger blood flow caused by vibration. 
This study also examined whether or not there were differences between males and 
females in changes in finger blood flow following vibration or VDTs. The study included 
40 healthy participants (20F). In this study, blood flow in the fingers was evaluated using 
a strain-gauge plethysmographic method (measured in D3 in both hands). An HVLab 
Vibrotactile Perception Meter was used to determine VDTs with a von Békésy algorithm. 
VDTs were measured at the right thenar eminence of the hand at 125 Hz using the 
Vibrotactile Perception Meter. Finger blood flow measurements were taken under seven 
conditions (in the order listed) during the course of the experimental session: blood flow 
prior to force application (before exposure to vibration with no force applied), after the 
application of 2 N of force (before exposure to vibration with force applied), after 
simultaneous vibration at 125 Hz and application of 2 N of force (first vibration trial), 
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application of 2 N of force only (force application during rest period), vibration at 125 Hz 
and 2 N of force applied (second vibration trial), application of 2 N of force without 
vibration (after vibration exposure with force applied), and lastly no force or vibration 
applied (recovery period). This study found that blood flow was reduced in the fingers of 
both the hand that received vibration and the hand that did not during exposure to 
vibration at 125 Hz (at levels greater than threshold). A correlation was found between 
VDT and vasoconstriction (individuals with lower thresholds experienced greater 
decrease in blood flow in the fingers during vibration). The researchers proposed that 
Pacinian corpuscles might contribute to vibration-induced vasoconstriction. Additionally, 
sex differences were noted, with women having greater reductions in blood flow in the 
fingers attributed to vibration exposure (Ye & Griffin, 2011).  
 In a follow-up study, Ye and Griffin (2013) examined the effect of contactor size 
on blood flow in the finger following periods of 125 Hz vibration. In this study, 15 
healthy males underwent an experimental protocol in which blood flow was measured in 
the fingers of 15 neurotypical males who were exposed to vibration through 6 mm or 3 
mm contactor probes. A reduction in blood flow in the fingers was significantly greater 
following vibration with the 6 mm probe compared to the 3 mm probe. It was 
hypothesized that vibration delivered with a larger contactor probe resulted in higher 
levels of PC activation and increased vasoconstriction (Ye & Griffin, 2013).  
Effects of Diabetes on VDTs 
1.7 Adult Type I and II Diabetes  
 VDTs have been evaluated in adult populations with type I diabetes. Vibrotactile 
function was assessed in 32 patients with type I diabetes using a tactilometer at 500, 250, 
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125, 64, 32.5, 16, and 8 Hz in the little finger (D5) and D2 (Dahlin, Granberg, 
Rolandsson, Rosén, Dahlin, and Sundkvist , 2011).  Their VDT method was described 
previously (Stromberg, Dahlin, & Lundborg, 1998).  VDTs were notably impaired in 
Type I diabetic males at 250 and 500 Hz. Similar elevations in VDT sensitivity for D5 
and D2 were found in a cohort of 58 males with a 15+ year history of Type II diabetes 
(Dahlin et al., 2008).  The researchers advocated for the use of VDT assessment as a tool 
to evaluate the onset and progression of diabetic neuropathy (Dahlin et al., 2011). 
1.8 VDTs in Neurotypical Children (hand) 
 VDTs for two digits (glabrous D5, D2) at 500, 250, 125, 64, 32.5, 16, and 8 Hz 
were measured in 269 neurotypical children (age 8 to 20 years) using a VibroSense 
Meter® device (Dahlin, Güner, Larsson, and Speidel, 2015). Participants were instructed 
to press a button when they felt a vibration and release when the vibration was no longer 
detectable. Participants wore hearing protection to avoid auditory cues. The study found 
that in D5 and D2, VDTs increased as frequency increased (with the exception of 125 and 
64 Hz). Older participants had lower thresholds than younger participants. The authors 
argued that tactilometry is useful for detecting potential neuropathy in children (Dahlin et 
al., 2015).  
1.9 VDT’s in Children with Type I and II Diabetes  
 Vibrotactile sensitivity was measured in the hands and feet of 72 children with 
type 1 diabetes (Isling, Dahlin, and Larsson, 2018).  In this study, VDTs were tested in 
the right hand (D5, D2) at 500, 250, 125, 64, 32, 16, and 8 Hz. Approximately 18% of 
their participants also showed diminished vibrotactile sensation on the sole of the foot (13 
subjects). 3 of the 13 subjects had decreased vibrotactile sensation in both the foot and 
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the hand. One participant had decreased sensation of the hand only. The authors provided 
a rationale for the use of vibrometry to identify diabetic peripheral neuropathy in children 
(Isling et al., 2018).  
1.10 VDT’s in Children with Autism Spectrum Disorder (ASD) 
 Another consideration with VDTs in children is differences in vibrotactile 
perception in children with ASD. One study conducted by Puts, Wodka, Tommerdahl, 
Mostofsky, and Edden (2014) examined differences in vibrotactile perception in children 
with ASD. Research participants included 32 children with ASD and 67 typically 
developing children. Child participants were between the ages of 8 and 12. All 
participants completed a battery of vibrotactile testing, including dynamic and static 
threshold detection and simultaneous and sequential frequency discrimination threshold 
testing. Researchers found differences in vibrotactile processing between typically 
developing children and children with ASD. Differences included poorer static detection 
thresholds for research participants with ASD, as well as children with ASD not showing 
responses to dynamically increasing subthreshold stimulus. Children with ASD 
demonstrated poorer baseline amplitude discrimination thresholds, and the absence of an 
adapting stimulus increasing the discrimination threshold (Puts et al., 2014).  
 A study by Tavassoli et al. (2016) also found that children with ASD had higher 
static thresholds than typically developing children. This study found abnormal tactile 
processing in children with ASD, and the authors suggest that dynamic and static 
threshold measurement could be used as a biomarker for ASD (Tavassoli et al., 2016). 
Another measurement that has been explored to detect differences between typically 
developing individuals and individuals with ASD in central nervous system processing is 
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measuring the rate dependency of amplitude modulation in tactile stimuli (Francisco, 
Holden, Zhang, Favorov, & Tommerdahl, 2011).  
1.11 VDT’s in Children with Obsessive Compulsive Disorder (OCD) 
 Güçlü et al. (2015) explored tactile processing in a population of adolescents and 
children with a diagnosis of OCD. This study included 32 research participants with OCD 
(ages 7-18) and 32 research participants without psychiatric disorders (ages 8-18). This 
study explored tactile processing differences between the two groups. Tactile processing 
examined by this study included dynamic thresholds, amplitude discrimination, simple 
and choice reaction time, and amplitude discrimination with single-site adaptation. 
Tactile stimuli provided were 25 Hz mechanical vibrations on the fingertips on the 
participant’s non-dominant hand. This study found that the participants with OCD 
demonstrated poorer amplitude discrimination than the participants without a psychiatric 
disorder. This study also suggested that the group with the greatest impairment in tactile 
processing was young males with OCD. This group showed poor amplitude 
discrimination adaptation and heightened just noticeable differences to tactile stimuli 
(Güçlü et al., 2015).  
Significance of the Present Study  
 This study is significant because it will provide information about VDTs in male 
and female children and adults. It will allow for comparisons between the two groups to 
better understand how vibrotactile perception develops across the lifespan. Furthermore, 
there is evidence that VDTs can be used in both adults and children to provide important 
information about neurological differences and disorders in a variety of populations. 
These populations include adults with type 1 and type 2 diabetes, MCA stroke survivors, 
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children with type 1 diabetes, ASD, and OCD. Aforementioned studies conducted in 
these areas provide evidence for the practicality of applications in these disorder types 
(Dahlin et al., 2011; Dahlin et al., 2008; Barlow, Custead, & Lee, 2019; Isling et al., 
2018; Tavassoli et al., 2016; Güçlü et al., 2015). VDTs can provide important diagnostic 
information about functioning of mechanoreceptors. There is also evidence that tactile 
discrimination can be improved following stimulation at 5 Hz via repetitive transcranial 
magnetic stimulation (Tegenthoff et al., 2005). This study will provide developmental 
information about VDTs, as well as insight into the nerve endings in the face and hands 
of neurotypical children.  
Hypotheses  
 Independent variables in this study included stimulation frequency, age, sex, and 
stimulus site. The dependent variable was vibrotactile detection threshold (VDT). For 
children, it was hypothesized that as the frequency increased, the VDT would also 
increase (with exceptions at 125 and 64 Hz). In terms of age, it was predicted that the 
adolescents would have lower VDTs than the younger children. The aforementioned 
trends were reported by Dahlin et al. (2015), so it was assumed that these trends would be 
replicated in the present study (Dahlin et al., 2015). As for sex, it was hypothesized that 
there would be significant sex differences related to VDT. This was because a study by 
Venkatesan et al. (2015) with adult subjects found that VDT was significantly dependent 
on sex, so it was assumed that this trend would also occur in children. For stimulus site, it 
was hypothesized that the finger would have lower VDT than sites on the lower face, due 
to the fact that this trend was observed in an adult population (Venkatesan et al., 2015).  
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 For the adult population, it was hypothesized that VDT would be significantly 
dependent on frequency, and the finger would show a decrease in VDT at 250 Hz that is 
not observed in the face. Venkatesan et al. (2015) noted these trends, so it was assumed 
that similar results would occur in this study. For age, it was hypothesized that as age 
increased, VDT would also increase. This trend was hypothesized because Venkatesan et 
al. (2015) found that older adults showed decreased vibrotactile sensitivity when 
compared to younger adults. It was reasoned that this trend would be replicated in this 
study. It was hypothesized that there would be sex differences; because the study by 
Venkatesan et al. (2015) showed that VDT was significantly dependent on the subject’s 
sex. It was also predicted that for stimulus site, the finger would have a lower VDT than 
stimulus sites on the lower face, a trend noted by Venkatesan et al. (Venkatesan et al., 
2015).  
2. Materials and Methods 
2.1 Participants  
 Thirty-eight (38) neurotypical preadolescent children ages 10-13 (15F, 23M) and 
46 neurotypical adults ages 19-35 years (22F, 24M) were recruited for this study 
regardless of ethnicity or race. Of those numbers recruited, 3 child females had 
incomplete data sets due to a combination of technical issues, difficulty understanding 
experimental task despite reinstruction, and intolerance of the auditory masker, 1 child 
male did not have any data collected secondary to difficulty understanding the 
experimental task despite reinstruction, and 1 adult male did not have any data collected 
secondary to technical issues. Written informed consent was obtained from adult 
participants. For child participants, both child assent and parent/legal guardian written 
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consent were obtained. The Institutional Review Board of the University of Nebraska-
Lincoln approved all consent/assent documentation (IRB #18912). Inclusion criteria: no 
report of neurological injury or illness. Exclusion criteria: neurologic disease causing 
sensorimotor impairment to the face and/or hand, traumatic injury to the hand or face 
causing sensorimotor impairment.  
 For preadolescent child participants, the following consent documentation was 
developed: child assent form, verbal consent script, and parent/legal guardian consent 
form. Parents/legal guardians of child participants signed a written informed consent 
document. Children read and signed an assent form with adapted language for their level 
of understanding. For each child participant, the researcher read the child assent form 
aloud and asked the child three questions to ensure comprehension: 1. Which parts of the 
body will be tested? 2. What is your job during the testing session? 3. If you have 
questions during the session, whom can you ask? If the child could not answer all of the 
comprehension questions correctly, the researcher administered a verbal consent script 
with a lower level of reading comprehension. If the child consented using the verbal 
consent script, the child also signed the child assent form.  
 Additional information about participants was gathered using a written 
questionnaire (for child participants, the parent/legal guardian completed this form). 
Background information gathered about research participants included sex, health 
history, birthdate, and health on the day of the testing session.  
2.2 Instrumentation and Data Collection 
 In this study, the VDTs of each participant were evaluated using vibrography. In 
the experimental procedure, a mechanical stimulator was used to deliver vibration stimuli 
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to the skin at frequencies from 5 to 300 Hz. The sinusoidal bursts (100 millisecond linear 
rise-fall decay, 1 second duration) were synthesized by a National Instruments cRIO real-
time embedded controller programmed in LabVIEW. The generated burst was 
conditioned with a power amplifier (Brüel & Kjaer model 2706) and input to a 
Minishaker (Brüel & Kjaer model 4810, see Figure 3). Features of the Minishaker 
included a nylon contractor probe, custom sensors and fixtures, a stainless steel shaft for 
the probe, a Schaevitz micro-miniature displacement sensor, and a stainless steel rigid 
surround. The surround could be adjusted for a 1000 micrometer preload. The stimulator 
probe was placed against the surface of the skin of the lower face and glabrous hand. It 
was secured with a double adhesive collar affixed to the surround and automatically 
generated programmed vibration stimuli. The participant, while seated in a dental 
examination chair, was instructed to press a response button when they felt a vibration on 
their lower face or hand. The participant’s VDT was estimated using an adaptive 
threshold tracking algorithm running on a computer. Narrow-band noise [66-68 dB(C) 
SPL] was presented to each participant through circumaural headphones to mask the 
acoustic emittance associated with the Minishaker at test frequencies ≥ 50 Hz.  Vibratory 
stimuli were presented at 5, 10, 50, 150, 250, and 300 Hz to the lower face and the 
glabrous distal surface of D2. The frequency presented and site tested were random 
(Venkatesan et al., 2015; stimulus generation system also described by Barlow, 1987; 
Andreatta & Barlow, 2003, 2009; Andreatta et al., 2003; Andreatta & Davidow, 2006).  
2.3 Adaptive Thresholds  
 The procedure that was used to estimate the VDTs is known as a single-interval 
up/down (SIUD) adaptive procedure. This procedure uses eight trials to estimate the 
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threshold. The SIUD procedure begins with a stimulus above threshold. The first step 
size was 10 dB, and subsequent step sizes were plus or minus 5 dB relative to the first 
amplitude presented. Following a negative response, a 2 dB step was used and the 
frequency stimulus level was midway between the prior two levels. The testing consisted 
of 8 trials. The starting point for the 8 trials was the trial before the first negative 
response. The algorithm used false positive detection tests. If a false positive was 
detected (the participant responded when no stimulus is given), the data were discarded 
and a new trial began (Venkatesan et al., 2015; SIUD procedure described by Lecluyse & 
Meddis, 2009) 
3. Results  
 Significant main effects were found for frequency (p < 0.0001), skin site location 
(p < 0.0001), age group (p = 0.001), and sex (p = 0.041) (GLM ANOVA, Table 5). When 
analyzing by individual frequency, all frequencies tested reached a level of statistical 
significance: 5 Hz (p < .0001), 10 Hz (p < .0001), 50 Hz (p < .05), 150 Hz (p < .0001), 
and 250 Hz (p < .0001). When examining individual skin sites, the following skin sites 
reach a level of statistical significance: left finger (p < 0.0001), right finger (p < 0.0001), 
and left oral angle (p < 0.0001).  
 Data are depicted graphically in Figures 4-7. It was found that, across age and 
gender, the right and left oral angles consistently demonstrated higher vibrotactile 
detection thresholds than the left and right fingers. When examining graphical 
representation of child male vibrotactile detection thresholds, a consistent decrease in 
VDT was observed with increasing frequency for the left and right oral angles. For the 
left finger, a significant decrease in VDT was observed at 50 Hz, followed by a slight 
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increase at 150 Hz, followed by a consistent decrease across the remaining two 
frequencies. For the right finger, a decrease in VDT was observed across frequencies, 
except for an increase at 300 Hz (Figure 4).  
 For child females, a decrease in VDT was observed with increasing frequency for 
both right and left oral angles. Both the right and left fingers showed a decrease with 
increasing frequency (with the exception of a slight increase in VDT in the left finger at 
10 Hz), followed by a sharp decrease in VDT at 250 Hz. A sharp increase in VDT was 
observed at 300 Hz (Figure 5).  
 In the adult male cohort, an increase in VDT was observed with increasing 
frequency for both right and left oral angles across all frequencies. For the left finger, a 
decrease in VDT was observed with increases in frequency, with exception of a slight 
increase at 300 Hz. For the right finger, a consistent decrease in VDT was observed with 
an increase in frequency, following by an increase in VDT at 250 Hz and a subsequent 
decrease in VDT at 300 Hz (Figure 6).  
 For adult females, a decrease in VDT with increasing frequency was observed for 
the right oral angle, left oral angle, and left finger. For the right finger, a slight increase in 
VDT was noted from 5 to 10 Hz, followed by a consistent decrease across the remaining 
frequencies (Figure 7).  
 When comparing mean VDTs of adult versus child females, for the left finger 
VDTs, adults had higher VDTs than children (with one exception at 10 Hz) (Tables 1.1, 
3.1). For the right finger VDTs for female adults and children, adults had higher VDTs at 
50, 150, and 250 Hz. Children had higher VDTs at 5, 10, and 300 Hz (Tables 1.2, 3.2). 
For the left oral angle for female adults and children, adults had higher VDTs at 50, 250, 
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and 300 Hz. Child participants had higher VDTs at 5, 10, and 150 Hz (Tables 1.3, 3.3). 
For the right oral angles, adult females had higher VDTs at 150 and 250 Hz and female 
children had higher VDTs at 5, 10, 50, and 300 Hz (Tables 1.4, 3.4).  
 In male adults and children, for the left finger, children had higher VDTs across 
all frequencies (Tables 2.1, 4.1). For the right finger, male adults had a higher VDT for 
10 and 250 Hz, and male children had higher VDTs for 5, 50, 150, and 300 Hz (Tables 
2.2, 4.2). For the left oral angle, male adults had higher VDTs at 250 and 300 Hz and 
male children had higher VDTs at 5, 10, 50, and 150 Hz (Tables 2.3, 4.3). For the right 
oral angle, adult males had higher VDTs at 5, 150, 250, and 300 Hz. Male children had 
higher right oral angle VDTs at 10 and 50 Hz (Tables 2.4, 4.4).  
 When comparing males and females of the same age group across frequencies, for 
the left finger, male children had higher mean VDTs than females at all frequencies 
except 10 Hz (Tables 1.1, 2.1). For the right finger, male children had higher VDTs at all 
frequencies except 10 Hz (Tables 1.2, 2.2). For the left oral angle, female children had 
higher mean VDTs at all frequencies except 250 Hz (Tables 1.3, 2.3). For male and 
female children’s right oral angles, females had higher VDTs at all frequencies except 10 
and 150 Hz (Tables 1.4, 2.4). For the left finger, adult females had higher VDTs across 
all frequencies than adult males (Tables 3.1, 4.1). Adult females had higher VDTs at all 
frequencies except 5 Hz for the right finger (Tables 3.2, 4.2). Adult females had higher 
VDTs at 5, 10, 50, and 150 Hz for the left oral angle; adult males had higher VDTs at 250 
and 300 Hz (Tables 3.3, 4.3). Adult females had higher right oral angle VDTs at 10, 50, 
150, and 250 Hz; adult males had higher right oral angle VDTs at 5 and 300 Hz (Tables 
3.4, 4.4). 
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 When comparing variation in VDTs between groups based on age, children 
demonstrated higher variability at 5 Hz across structures, greater variability at 10 Hz for 
the right oral angle, and greater variability at 50 Hz for the right oral angle. Adults 
demonstrated higher variability at 10 Hz for the right finger. For 50 Hz, adults 
demonstrated higher variability in VDTs for the left finger, right finger, and left oral 
angle. VDT variability was approximately equal for the left finger and left oral angle at 
10 Hz, and at 150, 250, and 300 Hz across all structures. Overall, as frequency increased, 
variability in VDTs decreased. The oral angles, in general, had higher mean VDTs and 
variability than the fingers; however, these differences decreased with increasing 
frequency (Figure 8).  
 Upon examining VDT variability between groups based on sex, the greatest sex 
differences were observed in 50 Hz and lower frequencies. At 150, 250, and 350 Hz, 
VDT variability is nearly identical between the two sexes. Females demonstrated higher 
VDT variability at 5 Hz for the left finger and right oral angle. At 10 Hz, females showed 
greater variability for both of the fingers and the left oral angle. Additionally, at 50 Hz, 
female participants showed greater variability for both of the fingers and both of the oral 
angles. For males, VDT variability at 5 Hz was higher than females for the right finger. 
VDT variability was nearly identical between the two sexes for the left angle at 5 Hz, the 
right angle at 10 Hz, and all structures at frequencies of 150 Hz and higher.  
 Males demonstrated higher mean VDTs at 5 Hz for the left and right fingers, 
whereas females demonstrated higher mean VDTs at 5 Hz for the left and right oral 
angles. At 10 Hz, females demonstrated higher mean VDTs for the left and right fingers, 
as well as the left oral angle. For the right oral angle, males demonstrated a higher mean 
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VDT at 10 Hz. At 50 Hz, for the left and right fingers, as well as left and right oral 
angles, females demonstrated higher mean VDTs. Mean VDTs were nearly identical 
between sexes for 150 Hz and higher (Figure 9).  
4. Discussion  
4.1. Skin Site 
 One trend that emerged was higher VDTs in the lower face compared to the 
hands. This is consistent with finding of Venkatesen, Barlow, & Kieweg (2016) that the 
lower lip and oral angle have higher VDTs than the glabrous finger in a cohort of 
neurotypical adults (Venkatesan, Barlow, & Kieweg, 2016). Similarly, Barlow (1987) 
found that across subjects, the fingers were more sensitive than the face in terms of VDTs 
(Barlow, 1987). The fingers showed a decrease in VDT at 250 Hz not observed in the 
oral angle in both the male and female child cohorts. However, this trend was not 
observed in the adult male or female cohorts, potentially due to a limited sample size. A 
decrease in VDT at 250 Hz in the left and right fingers is anticipated due to the presence 
of Pacinian corpuscles in the hand, but not the lower face (Munger & Halata, 1983; 
Barlow, 1987). Aside from this decrease at 250 Hz in the hand followed by a subsequent 
increase at 300 Hz, in general, VDTs decrease with increasing frequency across age, 
gender, and structure. Across both age groups and sexes, variability in mean VDTs 
decreased with increases in frequency. Additionally, with increasing frequency, the 
differences in mean VDTs between the hand and lower face decreased. 
4.2. Age 
 When considering differences between the age groups, the differences between 
adults and children in mean VDT was most pronounced at 5, 10, and 50 Hz. The VDTs at 
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150 Hz and higher were virtually the same between age groups. For males, children had 
higher mean VDTs at all frequencies in the left finger, 4 out of 6 frequencies in the right 
finger, 4 out of 6 frequencies for the left oral angle, and 2 out of 6 frequencies in the right 
oral angle. As for females, adults had higher VDTs at all but one frequency in the left 
finger. Adults had higher VDTs for 3 out of 6 frequencies for the right finger as well as 
the left oral angle. Female children had higher VDTs in the right oral angle for 4 out of 6 
frequencies. When examining variability in mean VDTs children demonstrated higher 
variability at low frequencies (5 Hz) across all structures. This comparison of VDTs 
across the age spectrum from children to adults is an important addition to the available 
literature and knowledge base. This study is important for filling in gaps in the 
knowledge of VDTs across the lifespan from childhood to adulthood.  
4.3. Sex    
 When comparing differences in VDTs based on sex, the greatest differences in 
VDT variability between the sexes were observed at 50 Hz and lower. Sex differences in 
VDTs are consistent with the finding by Venkatesen, Barlow, & Kieweg (2016) that there 
are significant differences in VDTs between males and females (Venkatesen, Barlow, & 
Kieweg, 2016). At 150 Hz and above, VDT variability was nearly identical irrespective 
of sex. Females had higher VDT variability at 5 Hz (left finger, right oral angle), 10 Hz 
(right and left finger, left oral angle), and 50 Hz (left and right finger, left and right oral 
angle). Males had higher VDT variability at 5 Hz for the right finger. VDT variability 
was the same between the two sexes at 5 Hz for the left angle, at 10 Hz for the right 
angle, and all structures at frequencies at 150 Hz and above.  
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 Limitations of the present study include a relatively small number of participants 
per cohort (female children = 15, male children = 23, adult females = 22, adult males = 
24). Additionally, female children were smaller than the other cohorts. Areas for future 
research include conducting testing with a population with neurological injury or illness, 
as well as conducting testing with additional age groups, such as younger children, 
teenagers, and older adults.  
5. Conclusions 
 The present study examined vibrotactile detection thresholds in cohorts of 
neurotypical children and adults. The study found main effects for frequency, skin site, 
age group, and sex. Overall, across age group and sex, the oral angles demonstrated 
higher vibrotactile detection thresholds than the index fingers. As frequency increased, 
the differences in mean VDT between the oral angles and index fingers decreased. As for 
differences among age groups, differences in mean VDT between adults and children 
were most pronounced at the lower frequencies (5, 10, and 50 Hz). Similarly, the greatest 
differences in VDT variability between males and females were observed at 50 Hz and 
lower frequencies. This study has demonstrated the utility of the VIBROS system for 
measuring vibrotactile detection thresholds in the index fingers and lower face of 








Figure 1.  Left & right oral angles (commissures) (Adapted from von Arx & Lozanoff, 
2017) 
Figure 2.  Site 1, Glabrous skin of index finger. 
Figure 3.  Minishaker (Adapted from Barlow, Custead, & Lee, 2019) 
Figure 4.  Vibrotactile detection thresholds for male children. 
Figure 5.  Vibrotactile detection thresholds for female children. 
Figure 6.  Vibrotactile detection thresholds for adult males. 
Figure 7.  Vibrotactile detection thresholds for adult females. 
Figure 8.  Interval plot of VDT: age, skin site, and frequency. 














Table Legends  
Table 1.1.  Summary statistics for female children, left finger.  
Table 1.2.  Summary statistics for female children, right finger.  
Table 1.3.  Summary statistics for female children, left oral angle.  
Table 1.4.  Summary statistics for female children, right oral angle.  
Table 2.1.  Summary statistics for male children, left finger.  
Table 2.2.  Summary statistics for male children, right finger. 
Table 2.3.  Summary statistics for male children, left oral angle.  
Table 2.4.  Summary statistics for male children, right oral angle.  
Table 3.1.  Summary statistics for adult females, left finger.  
Table 3.2.  Summary statistics for adult females, right finger.  
Table 3.3.  Summary statistics for adult females, left oral angle.  
Table 3.4.  Summary statistics for adult females, right oral angle.  
Table 4.1.  Summary statistics for adult males, left finger. 
Table 4.2.  Summary statistics for adult males, right finger. 
Table 4.3.  Summary statistics for adult males, left oral angle. 
Table 4.4.  Summary statistics for adult males, right oral angle. 









Figure 1.  Left and right oral angles (commissures) (Adapted from von Arx & Lozanoff, 
2017) 
 









Figure 4.  Vibrotactile detection thresholds for male children. 
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Figure 5.  Vibrotactile detection thresholds for female children. 
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Figure 7.  Vibrotactile detection thresholds for adult females. 
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Figure 8.  Interval plot of VDT: age, skin site, and frequency. 
 






(age_grp[0], sex[0]) SKIN Site[1], (Left Finger) 
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.111000 0.03960 0.125300 
10 0.140400 0.08540 0.270000 
50 0.008700 0.00229 0.007250 
150 0.009200 0.00573 0.018130 
250 0.002931 0.00054 0.001708 
300 0.004210 0.00138 0.004370 
 




(age_grp[0], sex [0]) [0])
SKIN Site[2], (Right Finger)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.17080 0.07970 0.26440 
10 0.15430 0.06970 0.23110 
50 0.01142 0.00214 0.00709 
150 0.00911 0.00340 0.01129 
250 0.00418 0.00138 0.00458 
300 0.01197 0.00502 0.01665 
 




(age_grp[0], sex[0]) SKIN Site[3], (Left Oral Angle)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.90100 0.16100 0.50800 
10 0.42800 0.15600 0.49300 
50 0.15680 0.03420 0.10800 
150 0.08350 0.02460 0.07790 
250 0.05449 0.00824 0.02607 
300 0.04449 0.00532 0.01682 
 




(age_grp[0], sex[0]) SKIN Site[4], (Right Oral Angle)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.76500 0.18200 0.63200 
10 0.30480 0.07940 0.27510 
50 0.26800 0.12300 0.42600 
150 0.05690 0.01380 0.04780 
250 0.05056 0.00689 0.02386 
300 0.04503 0.00558 0.01934 
 




(age_grp[0], sex[1]) SKIN Site[1], (Left Finger)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.18270 0.06290 0.29500 
10 0.11890 0.03620 0.17000 
50 0.01365 0.00350 0.01641 
150 0.01640 0.00839 0.03937 
250 0.01354 0.00448 0.02100 
300 0.01229 0.00384 0.01802 
 




(age_grp[0], sex[1]) SKIN Site[2], (Right Finger)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.20150 0.06600 0.30980 
10 0.06100 0.01450 0.06810 
50 0.03720 0.02660 0.12490 
150 0.01081 0.00415 0.01947 
250 0.00849 0.00288 0.01349 
300 0.01326 0.00465 0.02182 
 




(age_grp[0], sex[1]) SKIN Site[3], (Left Oral Angle)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.65600 0.12200 0.57200 
10 0.27930 0.06560 0.30750 
50 0.14870 0.03570 0.16750 
150 0.07170 0.01420 0.06680 
250 0.05613 0.00618 0.02896 
300 0.03685 0.00524 0.02457 
 




(age_grp[0],  sex[1]) SKIN Site[4], (Right Oral Angle)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.43440 0.06940 0.32540 
10 0.38800 0.10400 0.48800 
50 0.18700 0.04560 0.21400 
150 0.07600 0.01050 0.04920 
250 0.04951 0.00630 0.02957 
300 0.04299 0.00372 0.01744 
 




(age_grp[1], sex[0]) SKIN Site[1], (Left Finger)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.13060 0.06170 0.28950 
10 0.09490 0.06150 0.28840 
50 0.03970 0.03350 0.15710 
150 0.01440 0.01240 0.05820 
250 0.00850 0.00656 0.03076 
300 0.00645 0.00418 0.01963 
 




(age_grp[1], sex[0]) SKIN Site[2], (Right Finger)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.07800 0.02800 0.13140 
10 0.11160 0.07900 0.37070 
50 0.05860 0.05130 0.24040 
150 0.01680 0.01490 0.06980 
250 0.00682 0.00475 0.02228 
300 0.00551 0.00326 0.01528 
 




(age_grp[1], sex[0]) SKIN Site[3], (Left Oral Angle)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.47590 0.06950 0.32580 
10 0.34400 0.10100 0.47400 
50 0.19470 0.06040 0.28320 
150 0.08220 0.01470 0.06880 
250 0.06072 0.00451 0.02113 
300 0.04573 0.00295 0.01385 
 




(age_grp[1], sex[0]) SKIN Site[4], (Right Oral Angle)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.45940 0.08210 0.38520 
10 0.24890 0.06900 0.32360 
50 0.17170 0.06750 0.31640 
150 0.08110 0.01430 0.06710 
250 0.06269 0.00489 0.02292 
300 0.04443 0.00347 0.01628 
 




(age_grp[1], sex[1]) SKIN Site[1], (Left Finger)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.073000 0.015700 0.072200 
10 0.030760 0.004720 0.021620 
50 0.007220 0.001090 0.005000 
150 0.001954 0.000260 0.001190 
250 0.001792 0.000152 0.000696 
300 0.001965 0.000204 0.000935 
 




(age_grp[1], sex[1]) SKIN Site[2], (Right Finger)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.129300 0.044100 0.202200 
10 0.063900 0.032300 0.148200 
50 0.009520 0.001200 0.005510 
150 0.001937 0.000168 0.000771 
250 0.004500 0.002740 0.012540 
300 0.002157 0.000326 0.001494 
 




(age_grp[1], sex[1]) SKIN Site[3], (Left Oral Angle)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.41600 0.06900 0.31640 
10 0.26060 0.08120 0.37210 
50 0.14740 0.05730 0.26240 
150 0.06552 0.00641 0.02938 
250 0.06224 0.00386 0.01767 
300 0.04713 0.00237 0.01087 
 




(age_grp[1], sex[1]) SKIN  Site[4], (Right Oral Angle)
FREQ(Hz) VDT(mm) S.E. MEAN S.D. MEAN
5 0.49400 0.07410 0.33940 
10 0.20210 0.02420 0.11090 
50 0.12510 0.01560 0.07160 
150 0.07974 0.00825 0.03779 
250 0.05871 0.00413 0.01894 
300 0.04847 0.00274 0.01254 
 






















Frequency 5 109.65 0.000
Location Skin Site (1-4) 3 85.55 0.000
Age Group (0/1) 1 10.33 0.001
Sex 1 4.18 0.041
 
Frequency Coefficient T-Value P-Value
5 20.26 0.000
10 0.0692 6.45 0.000
50 -0.0241 -2.25 0.025
150 -0.0787 -7.34 0.000
250 -0.0884 -8.25 0.000
 
Location Skin Site (1-4) Coefficient T-Value P-Value
1 (left finger) -0.07864 -9.44                0.000
2 (right finger) -0.07472  0.000
3 (left oral angle) 0.08343 10.02 0.000
 
Age Group (0/1) Coefficient T-Value P-Value
0 (children) 0.01560 3.21 0.001
Sex
F 0.00992 2.04 0.041
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